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Abstract

This document briefly specifies and describes the so-called Transitionboard of the MI BPM Upgrade
project.

Introduction

Figure 1: Overview of the MI BPM hardware.

1



Figure 2: MI BPM analog hardware.

Fig. 1 gives an overview of the MI BPM hardware (see also [1]). The Transitionboard (or Transitionmodule)
interfaces the MI BPM pickup signals to the Echotek digitizer (digital receiver) module. It basically consists
out of 2 independent, selective gain stages per channel; one for 53 MHz, one for 2.5 MHz (see Fig. 2). These
gain stages should boost the signals levels received from the stripline BPM pickup (or extrawide aperture
BPM) to an adequate level, i. e. 10...70 % full-scale range (≡ 0.1...0.7 Vpp) of the Echotek digitizer. The
gain of a pair of stages can be controlled in a range 0...60 dB, 0...48 dB continuously plus 12 dB switched.
The 6U high Transitionboard, currently in design, keeps a total of 8 channels, thus meets the input channel
number of the corresponding Echotek digitizer module.

MI Beam Conditions and BPM Signal Levels

[2] discusses in detail the requirements for the MI BPM System Upgrade. Concerning the Transitionboard,
the beam conditions described in Tables 2...6 specify (indirect) most of the requirements for the Transition-
board. From the Tables, we extract the dynamic range due to beam intensity and bunch length variations
for 2.5 MHz and 53 Mhz spaced bunches. Measurements where taken at the MI-30 test setup ([3], [4]),
compared with beam/pickup simulations ([5], [6]) and the signal levels are then extrapolated applying the
most extreme beam conditions of those tables.

signal level beam conditions (tB: 95 % bunch length)

2.5 MHz
min. 0.62 mVpp single coalesced p̄-bunch, 5×109 p̄/bunch, tB ≈ 200 ns
max. 88 mVpp single coalesced p̄-bunch, 150×109 p̄/bunch, tB ≈ 150 ns

53 MHz
min. 3 mVpp single coalesced p̄-bunch, 10×109 p̄/bunch, tB ≈ 23 ns
max. 6.6 Vpp uncoalesced p-bunch batch (> 20), 200×109 p̄/bunch, tB ≈ 1.5 ns

Table 1: Mapping of expected MI beam conditions and BPM signal levels
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Table 1 gives an idea of the expected signal level ranges. These levels include the influence of the
Combinerbox (summing of signals and internal losses) and the shape effects of passive filter-networks:

• a 10 MHz BW low-pass filter for the 2.5 MHz signals

• a 53 MHz CF, 5 MHz BW band-pass filter for the 53 MHz signals

Also included are the losses of 300...1300 ft long RG-8 coaxial cables.

max. level − min. level dyn. range

2.5 MHz -17.3 dBm − -60.2 dBm 43.1 dB
53 MHz +20.4 dBm − -46.5 dBm 66.9 dB

Table 2: Dynamic range of the MI BPM signals

Table 2 lists the signal levels , now in dBm, and the corresponding dynamic ranges.

Requirements for the MI BPM Transitionboard

• Main task of the Transitionboard is to amplify/attenuate the various signal levels (Table 2) to be
adapted to the 1 Vpp (≡ +4 dBm) full-scale range of the single-ended analog inputs of the Echotek
digitizer module. High 53 MHz levels should not cause saturation effects in the gain stages of the
Transitionboard. Furthermore the inputs of the Echotek digitizer should be protected from too high
signal levels, i. e. > 1.8 Vpp.

• The noise floor of the Transitionboard has to be sufficiently low, in order to achieve the required
0.5/0.1 mm (2.5/53 MHz, 3σ) position resolution for low intensity beams.

• The bandwidth of the Transitionboard has to be large enough, to time-resolve individual batches of
1...84 bunches, spaced by 1/53 MHz. This booster batch time trev/7 ≈ 1.585 µs requires a bandwidth
> 220 kHz.

• The gain- and linearity mismatch of a pair of channels has to accomplish the MI BPM system require-
ment, see [2]. A mismatch < 0.2 dB is tolerable and within those specifications.

• The Transitionboard has to supply 2.5/53 MHz test signals for a basic functional test of the BPM
system in the absence of beam.

Description of the MI BPM Transitionboard

Fig. 2 shows a simplified block diagram with 2-of-8 channels of the Transitionboard. The concept of selective
2.5 and 53 MHz gain stages was “stolen” from the development of the RT BPM Transitionboard [7], which
also served a backup solution.

While keeping the same 53 MHz band-pass filters, we changed the design toward an integrated VGA and
removed all mechanical relays and switches from the signal path. Now a diplexer with 23 MHz cross-over
frequency spits the signals at the input, and path them to the Analog Devices AD8332 low-noise 2-channel
variable gain amplifier (VGA). Fig. 3 shows the functional block diagram of the AD8332. From the data
sheet (see also: http://www.analog.com) the main characteristics are given:
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• Low-noise preamplifier:
0.74 nV/

√
Hz, 2,5 pA/

√
Hz

• 120 MHz bandwidth (3 dB)

• Two 48 dB gain ranges in 6 dB steps:

LO -4.5 dB...+43.5 dB

HI +7.5 dB...+55.5 dB

• Typical channel-to-channel gain error
(mismatch): ± 0.1 dB

 

Ultralow Noise VGAs with
Preamplifier and Programmable RIN

 AD8331/AD8332
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FEATURES 

Ultralow noise preamplifier 
Voltage noise = 0.74 nV/√Hz 
Current noise = 2.5 pA/√Hz 

3 dB bandwidth: 120 MHz 
Low power: 125 mW/channel 
Wide gain range with programmable postamp 

–4.5 dB to +43.5 dB 
+7.5 dB to +55.5 dB 

Low output-referred noise: 48 nV/√Hz typical 
Active input impedance matching 
Optimized for 10-/12-bit ADCs 
Selectable output clamping level 
Single 5 V supply operation 
Available in space-saving chip scale package 

APPLICATIONS 

Ultrasound and sonar time-gain control 
High performance AGC systems 
I/Q signal processing 
High speed dual ADC driver 

GENERAL DESCRIPTION 

The AD8331/AD8332 are single- and dual-channel ultralow 
noise, linear-in-dB, variable gain amplifiers. Although optimized 
for ultrasound systems, they are usable as low noise variable 
gain elements at frequencies up to 120 MHz. 

Each channel consists of an ultralow noise preamplifier (LNA), 
an X-AMP® VGA with 48 dB of gain range, and a selectable gain 
postamplifier with adjustable output limiting. The LNA gain is 
19 dB with a single-ended input and differential outputs capable 
of accurate, programmable active input impedance matching by 
selecting an external feedback resistor. Active impedance 
control optimizes noise performance for applications that 
benefit from input matching. 

The 48 dB gain range of the VGA makes these devices suitable 
for a variety of applications. Excellent bandwidth uniformity is 
maintained across the entire range. The gain control interface 
provides precise linear-in-dB scaling of 50 dB/V for control 
voltages between 40 mV and 1 V. Factory trim ensures excellent 
part-to-part and channel-to-channel gain matching. Differential 
signal paths lead to superb second and third order distortion 
performance and low crosstalk.  

FUNCTIONAL BLOCK DIAGRAM 
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Figure 1. AD8332 Shown 28-Lead TSSOP  
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Figure 2. Frequency Response vs. Gain 

The VGA’s low output-referred noise is advantageous in driving 
high speed differential ADCs. The gain of the postamplifier may  
be pin selected to 3.5 dB or 15.5 dB to optimize gain range and 
output noise for 12-bit or 10-bit converter applications. The 
output may be limited to a user-selected clamping level,  
preventing input overload to a subsequent ADC. An external 
resistor adjusts the clamping level.  

The operating temperature range is –40°C to +85°. The  
AD8331 is available in a 20-lead QSOP package, and the 
AD8332 in 28-lead TSSOP and 32-lead LFCSP packages. They 
require a single 5 V supply, and the quiescent power 
consumption is 125 mW/ch. A power-down (enable) pin is 
provided. 

 

Figure 3: Functional block diagram of the Analog Devices
AD8332 variable gain amplifier (VGA).

Differential receiver OpAms (AD8129/AD8130) are used to convert the AD8332 differential output signals
to single-ended, give more gain and combine the signals from the 2.5 MHz and the 53 MHz gain path. The
PD-pin (power-down) of the OpAmp is used to on/off-switch the frequency selective gain stages. The
single-ended output of the Trasitionboard is driven by an OPA692 buffer.

All elements are controlled from a FPGA, which also serves the test signals, to remotely control all
functions of the Transitionboard.

Preliminary measurements of a 2-channel prototype Transitionboard without remote control are summa-
rized in [8].
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